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Abstract

By mounting small disc reflectors that are moveable relative

to the inner reflector surface of a parabolic dish antenna,

nulls can be generated in the side lobe region of the power

radiation pattern with minimal distortion effects to the main

beam. A physical optics model of this antenna system is

developed to investigate in a simplified direct manner the

phenomena of phase nulling caused by disc movement.

Array theory using isotropic radiators is used to sample the

i' aperture distribution to approximate the far field electric

field of the dish. A physical optics approximation for

scattering off a flat metal disc is used for discs and feed

term yields the field intensity quiescent patterns, phase and

amplitude, proportional to IT-Quiescent(e,O) The physical

optics term for the discs yields the field intensity

cancellation patterns, phase and amplitude, proportional to

ICancellation(,)I. The quiescent patterns are combined

with the cancellation patterns to produce the relative power

pattern, nulled pattern, proportional to I!Total(O,¢)12  No

secondary effects such as diffraction or edge illumination are

considered.
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A computer code was written to implement this approach and

the theoretical patterns produced. Actual measured patterns are

compared to the theoretical patterns. There is good agreement

between theory and actual measurements. Finally applications of

this antenna system are presented. ,
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PHYSICAL OPTICS MODEL OF
SIDE LOBE NULLING BY DISCS%I ON A PARABOLIC REFLECTOR

I. Introduction

Backaround

Dr. J. Leon Poirier and Daniel Jacavanco at the

Electromagnetic Sciences Division, Rome Air Development Center,

first proposed the idea of adaptive nulling by Electrostatically

Controlled Membrane Reflectors (EMR) such as Figure 1.
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This type of reflector antenna was originally proposed for space

applications (Lang, 1978). The feedback circuitry of (EtIR) .
4 could be used to systematically distort the reflector surface to

form nulls in selected directions of the side lobe region of the

antenna. A distortion of the reflector surface would change the

phase of a corresponding region of the aperture field .-

distribution thus generating a perturbation in the radiation

pattern. By appropriate control of the feedback circuitry a

null could be "moved" in the desired direction to eliminate any

interference from that direction. The theoretical basis for

this scheme was investigated by Havens (Havens, 1983). It was ~

found that the control problem of maintaining a perfect shape,

such as a paraboloid was extremely difficult. Thus, the use of

selective distortion appeared too complicated for practical use. .

Historically adaptive nulling in the side lobe region has

been accomplished by arrays. Computer controlled, these

antennas are capable of steering their main beams and nulls.

Array antennas, however, are complex, costly, and heavy in

comparison with reflector antennas.

"In the summer of 1983 Jacavanco demonstrated it was

possible to produce nulls in the pattern of a rigid reflector by

mounting discs on the reflector dish and adjusting their

distance off the dish by computer algorithm controlled motors as

* shown in Figure 2" (Rudisill, 1984b:1).

These antennas are much simpler to construct and offer high

maximum gain per unit weight. This approach offers flexibility

2
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and improved signal to noise ratios in an already widely used

antenna. Indeed this has been proven for a multitude of

parabolic reflectors, multiple disc sizes, and disc placement by .-.

Jacavanco at the Electromagnetic Sciences Division since the

summer of 1983.

MOTOR DISH

DRIVERS

/ n"DISC

FEED

HORN

DISC1

LOGIC

0 S-BAND

.. ' HP 9836 -
e-"- J RECEIVER

Figure 2. Computer Controlled Discs--- Parabolic Reflector

(Adaptive Reflectors, 1984c; Research, 1985bc)

From January to November 1984, Rudisill developed a

theoretical background for the system of Figure 2. He used

aperture integration and modeled the disc's effect on

3
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:. the aperture field as a phase shift across a circular projection

of the disc into the aperture plane. The feed was assumed to

produce a parabolically tapered electric field. This approach

required large amounts of computer time for numerical

integration and theoretical results from the model compared

poorly to experimental results. He concluded this to be a

result of too idealistic an antenna model rather than error in

basic theory (Rudisill, 1984a:7,59).

During this same period Jacavanco modeled the system of

Figure 2 using linear array theory. His model showed with

reasonable accuracy the salient features of nulling with two

discs (Jacavanco, 1984b).

Approach

The present approach is similar to Jacavanco's linear array

model. It uses 841 isotropic radiators spaced 0.25 wavelengths

apart to simulate the actual normalized aperture distribution,

approximating the far zone electric field of the reflector. The

disc and feed blockage effects are approximated using a physical

optics method of scattering by flat metal discs, assumed to be '.

perfectly conductive (see Figure 3). All three terms are

combined to produce a system relative power pattern in the

H-plane. The Relative Power Pattern is proportional to

IETOT(O,0=0)1 2 :fD(0,#=0)+7S12(0=0I-!FB(O,0=0)1 2  (1-1).-..-

(Total) (Dish) (Scattering (Feed
Discs 1&2) Blockage)

4
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where: ITOT(e,0-O) is the total complex vector electric
field for the H-plane.

ED(0,0-O) is the total complex vector electric ,.
field from the reflector without

discs and feed blockage.

ES12(O,0--) is the complex vector electric field
from scattering off the two discs.

.FB(0,0-O) is the complex vector electric field
from scattering off the parasitic ..
reflector.

AVA

Figure 3. Two Discs on a Parabolic Reflector

"The effect of the aperture blocking can be approximated by

subtracting the radiation pattern produced by the obstacle from

the radiation pattern of the undisturbed aperture" (Skolnick,

1962:269). A description of the system follows this section.

5



Antenna System Description

The antenna system modeled is shown again in Figure 4 for

reference. The drive motors are not attached in Figure 4.

Figure 4. Antenna System Modeled
(Research, 1985bc) -.

The antenna is a prime-focus, S-band, general purpose, parabolic

reflector. It was driven at 3.12 Ghz through a rear fed

half-wave dipole using a parasitic circular reflector disc at a

distance equal to one-fourth wavelength from the dipole. The

dish measures two feet in diameter and the focal distance from

dish vertex to parasitic reflector is 6.8 inches. The feed

polarization is assumed to be purely linear in the vertical (-y)

direction (see Coordinate System page 14). The feed blockage is

assumed to be a two inch diameter disc at the center of the

aperture plane. The discs are five inches in diameter and are

placed symmetrically six inches from the feed arm. The

6
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A supporting rods that move them, relative to the reflector inner

surf ace, lie on a common line with the dish vertex and

perpendicular to the dipole direction (see Figure 5).

DIS- - IC 2 q.

Figure 5. Disc Location: Front View (Not to Scale)

azimuth or elevation planes (see Figure 6). A pyramidal horn,

175 feet away acts as a transmitter/jammer. The transmitter

illuminates the frontal aspect of the dish at 3.12 Ghz and is

assumed to be in the far field of the antenna. It is assumed

7
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... Figure 6. Antenna Mounted on Pedestal

(Research, 1985bc)

plane waves of one milliwatt intensity, vertically polarized are

intercepted by the dish. The pedestal is fixed in the elevation

plane so that only azimuthal rotation occurs. Since the

incident E-field is vertically polarized, this rotation will

generate on H-plane pattern. The discs are held flush on the

inner reflector surface (see Figure 6) and a system quiescent

power pattern is recorded. A Scientific-Atlanta Series 1580

Pattern Recorder was used. Once the quiescent pattern is

recorded it is rewound so the nulled pattern can be recorded

over it in a different color ink for comparison purposes. To

accomplish the nulled pattern the antenna is rotated so the

signal is received at some arbitrary point in the side lobe

o .
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.-. region. It is held there while the system computer finds the

optimum position for the discs to minimize the received signal.

With the discs in the optimum position a new power pattern

(nulled pattern) is recorded over the quiescent power pattern. - *I

The antenna system uses an algorithm to minimize the

received signal. It varies the discs, one at a time, from flush

to their maximum out extension (1/2 Revolution 1/32 inch out

from reflector surface) through thirty-two possible positions.

At each position the actual distances of the discs from the

reflector surface are recorded as electric phase angles and the 71
Power Total (PTOT) is recorded corresponding to the electric

phase angles. A gradient search of the data is performed for the

PTOT. The computer then positions the discs via their motors to

the optimum position.

The next chapter will discuss the theory involved with the

nulling phenomena caused by disc movement.

.. .
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II. Ibeor~

Phase Nullin Wi4th Dis.QZ

The tactical situation this system could be used in is this:

ENEMY TRANSMITTER

FRIENDLY RECEIVER
ANTENNA SYSTEM
WITH DISCS

I 1L.
FRIENDLY TRANSMITTER

Figure 7. Tactical Situation for System Use2

The enemy transmitter is jamming us through the receiver

antenna' s side lobes. The receiver antenna' s power pattern by

reciprocity is the same as its power pattern when it transmits.

If a null can be shifted in the receiver antenna power pattern,

in the Jammer transmitter direction, we can negate the jamming

interference. If the Jamming interference can be split into two

electric field components of the same amplitude but with phases

1800 opposite, they will cancel each other completely due to

the destructive interference of two coherent signals, equation

(2-1), (two sinusoids at the same frequency) (Research,1985b).

Refer to equation (2-1) and Figure 8 on the next page.

10



p TOT P1 + P2 + 2Vq/_j2Cos0 (2-1)

where: Pj xv5iQ Amplitude of P~JQ

*PPjQ =Power received from Jammer thru. dish

P 2 =V45Uj_ Amplitude of PRJD

PRJD Power received from Jammer thru. discs

0 Phase difference angle between P~j~Q and PRJD

-JAMMER JAMMER
S I GN A LSIGNAL

SIGNAL

TOT

Figure 8. Nulling With Discs

Therefore by choosing the correct size and disc location and ~ *

adjusting t1 and t2 (see Figure 8) until

V/i-joi + / 3Dei2 0 (2-2)

then the antenna system will move a null in the side lobe region

of the power radiation pattern in the direction of the



interfering source. The correct size and disc location has been

determined by Jacavanco (Jacavanco, 1984b:1,2). "If nulling is

desired in a uniformly illuminated reflector in the region of

the pattern where the response is down 30dB from the main beam

peak, then the total area of the reflector minus the total area

of the two discs should also be down by 30dB. In an antenna in

which the feed horn imposes a tapered illumination across the

dish for side lobe control, the size and position of the discs

should be further modified. For the same performance, a larger

disc is required if positioned in the region of lower intensity

than a disc positioned in a region of higher intensity (near the

center)." Another factor is that disc size and placement on the

reflector surfane should not degrade the main beam. This has

been experimentally proven by Jacavanco (Jacavanco, 1984ab). A

simplified picture of the entire system is presented in Figure 9

(only one disc shown for clarity).

JAMMER RECEIVEo
where: PRSQ " Power received

from signal SIGNAL SIGNAL

thru dish
p

PRSD Power received PR -J RS
from signal RJS Rio Q
thru discs= \

PpjQ Power received 4
from jammer 

Q 4 R

thru dish

PRJD = Power received -.
from Jammer
thru discs

Figure 9. Simplified System

.- 12
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So the Total Power received is

PTOT = PRSQ + PRSD + PRJQ + PRJD (2-3)

Therefore the discs are moved to minimize PTOT by phase

cancellation between PRJQ and PRJD. Since PRSQ > PRSD

the signal received will be PRSQ, the desired signal.

System Coordinate B L""in

The reference system used with the isotropic radiators in

the aperture plane (xy plane at z q) is shown on the next page

in Figure 10. The z = 0 phase reference is at the actual pivot

point for the antenna system mounted on the pedestal (see Figure

6). Where they are more convenient, spherical coordinates are

used and coordinates that refer to the aperture plane (source)

will be primed any time there is any confusion. Far field

patterns are presented in rectangular coordinates. Complex

scalars are designated by underbars and complex vectors are 1>
designated by both overbars and underbars. Unit vectors are

designated by "hats", in other words, ' is the unit vector in

the x-direction.

13
•7
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"T071,.

;00.0-0

PHASE
____________________________Z=O: 

REFERENCE~
x ,-

et

etc~q (:(O distanc, t

+ Y q: (dplanet

Figure 10. System Coordinate Reference
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To restate the problem: How does the phase of the electric

fields from the discs interact with the phase of the electric

fields in the side lobe region of the dish? This causes -N

cancellation, which ultimately perturbs the power radiation

pattern; shifting side lobe nulls to new angles. Reviewing the

approach from Eq (1-1)

IZTOT(O,.=O)I 2 IID(8,0=O)+JS12(8,0=0)-iyB(8 '0=0)1
2

The development of ED(0,0=0) follows. The aperture plane

currents of the dish alone will be sampled using linear array

theory starting from the complex vector potential. gD(0,= 0 )

will be derived from the complex vector potential. The complex

vector potential is given by (Stutzman and Thiele, 1962:455):

= ff ejOR ds (2-4)
4rR

Source
where: _ - currents in aperture plane

R = distance between source points and
observation points

0 2r
.- ,. ".'

Assuming parallel rays, R for the phase is determined by

geometrical techniques. R in the denominator is approximated by

r, an average distance from the phase reference point (z 0) to

the observation point (Stutsman and Thiele, 1962:22-24).

15
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Therefore the complex vector potential in the far field is

If f CT ) k (rf±- ed"r d-7 (2-5)

where: 4'(r) =eiJO
4wr

i%/

r zvector from phase reference point
to source

r distance from phase reference point
to observation point

X. 0 xfsinocos-o + y*0 sine sino + z 0cos 0

~the transmitter polarization

Putting this all together yields

iff a,

-~~~(r~1A~x)ei x dJB(Y'_)eiJyy dy'.IC(z')eiJzz dz" (2-6)

where: EA(Ox) =fourier transform Of 1A(x') I
FB(#y) =fourier transform of IB(Y')

EC(fiz) fourier transform of .IC(z')

We can now further simplify Eq (2-6) for AffCFP)

AfyrF(xF(yF(z (2-7)

16
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As an example, isolating just row 0: m-- 14 to -14, n 0, -
each isotropic source can be represented by a delta function
(see Figure 10)

m-14row 0 m=14 -

FB(Oy) - IB(YI) [I(Y n

row 0

where: Iq are defined on Figure 10

IA = ImnqeJ(ma)

IB = ImnqeJ(na)

P" !~~C = "rmnqeJ (qa) '-i-

Imnq :amplitude of each isotropic point source
according to the normalized aperture
distribution

- interelement progressive phase difference (a= 0)

Combining all terms for row 0 yields

-14 U

_ff( ) --(r)Imnqj eJX(Ml) ieiY(nl)j eiz(q) (2-8)

Finally, for row 0, dropping the subscript q on Imnq since it
is constant and n 0

-14
jff(V) - J(r)Irn (2-9)

m=14-

But since there are 29 rows, n-- 14 to -14

hff €r )=,"
-14 

-14
,, rflmn 1 , IOx(ml)][ IeiJY(nl) ei zq (2-10)

17
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To get ED(0,0=0) from Aff(r') for an H-plane cut (0 0) use

KD4 = -iwlhff (Y') -h (~f (Y' (2-11)

'Af.. '),

The radial component of Aff(F') is disregarded

ED(e,=0) = __JEe-J_ r j~zq a e-jpx(ml (2-12)
2rr [m=14 n=14

where: Eo is the initial E-field amplitude
received by the dish. .

see Appendix A for actual values for Eo, q, 1, X.

.

The next step is to derive a normalized aperture distribution

from which Imn can be assigned.

Normalized Aperture Distribution

The feed antenna is not isotropic. The effect of the

normalized feed radiation pattern, Ff(r'), is related to the

normalized aperture distribution by this equation (Stutzman and

Thiele, 1981:428):

Ea(r ) 2f tan! (2-13)

Ff(r' 
L 

' """'

where: r 8 are spherical coordinates of
the aperture plane (see Figure 10).

f is the focal distance of the
reflector (see Appendix A).

~. ...
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The rear fed half-wave dipole using a parasitic circular

reflector disc does not produce a circularly symmetric pattern.

But the average of the E- and H-plane pattern values can be used

in Eq (2-13) according to (Stutzman and Thiele, 1981:428). This

is shown by the dotted line in Figure 11, the normalized feed

radiation pattern at 3.12 Ghz for the rear fed half-wave dipole

using a parasitic circular reflector.

x<6
relative v

A 2C
'14~~~144J~ fff;- 4~4~~-~*

VITO-

Figure 11. Normalized Feed Radiation Pattern ,-

-

19
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To obtain Ea(r ), the normalized aperture distribution, r was

calculated in increments of 6' = 10 using Eq (2-13). Ff(r')

was read off Figure 11, then Eq (2-13) used again to produce a

plot of Ea(r') (see Figure 12 next page). Finally Figure 12

was used in conjunction with a scale drawing of the isotropic -.7

radiators in the aperture plane to assign Imn as a function of

r . The next step is to derive ES12(0,0). '

I.

. .

• •.',.
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Physical Optics; Ds Q

The scattering by a metal disc will be derived first.

For a perfectly conducting body the physical optics approximate

surface currents are (Stutzman and Thiele, 1981:455):

2( X Hi ) in illuminated region!-FO = (2-14) t. .

0 in shadow region (2-14)

Figure 13 will be used as the coordinate system in the

development of !S12(0,0=0) and gFB(,*-=0)-

:Y
" /~Phase Reference Planes-.' '

- ~*.-. ,

_ x )

z< ., i " e .o . .o,_

n unit normal vector

+ Y

'] Figure 13. Coordinate System For Discs and '
'] ,, and Feed Blockage Terms -'22

% .T"



i """. Once ZS12(0,0) and ZFB(#,0=0) are developed, these terms

will then be phase referenced back to the system coordinate

reference, z=0 on Figure 10. Assume for now the flat metal disc

lies in the xy plane, having dimensions

p = disc radius
= 00 to 3600

0 = 900 to -900

The disc is illuminated by a plane wave from the transmitter
having fields

-i(Y) .4Eose-J(xsinei - zcos~i) (2-15)

where: Ai = angle of incidence wrt z axis and ff

Y vector from origin to observation point

.Eo = initial E-field amplitude received by disc

Assuming free space

X7 = (2-16)

4.. Then

Hifi) =gA -o4cosei - 4sinie-J#(xsini - zcosei) (2-17)

Ylo

where: Y1o '

Thus the surface currents on the disc are given by the physical
optics approximation

.. (r ) . .XBi~
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since ' and 0 at the surface I. ,

9-(T,) -Y 2Eacosee-Joxsinei (2-18)

Note: The physical optics approximation is not exact and is
useful when

actual p = 5 inches
actual A = 3.79 inches

Neglecting effects of the edges on the surface currents, the
magnetic vector potential for the scattered field can then be
calculated by (Johnson, 1984) " .-.

'

ff(") = I ()e- R da -19)

Surce' 4r (2-1

where: R =Iii'1 r -#. ..

r = 7 distance from origin to observation point

da = p dp do'

Collecting all terms together . -'

.ff ) = (2-20)
2w - A.. /

2 e- i S coseix sineie-JO. ? p dp do'
l°4wr 00

where: x#  p cos

,'. : ,P sine [cosocoso' + sino'sinoj

Therefore

Aff (rF) .42gspEncosei-Jr (2-21)
1 0 47rr e~'i9O(-' 'p 0

Mm .O i - psineicoso' eJOP*4sin~cos( 0 - o# pl dp" do/

ffe-Psnio
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Because of the symmetry of the disc, the scattered fields will
have no 0 dependence, set 0 = 0. Therefore, the two exponential
exponents in Eq (2-21) can be combined and simplified to

ei0P1cos (sino - sinei))

Thus rewritting Eq (2-21) and regrouping it more conviently

Aff( 4  -PoEosco e e -  (2-22)- -. .."

/h " '1feJO0 cosot(sin0- sinei) d o dp#[-"

o2''

From (Stutzman and Thiele, 1981:566)

2w.
JO(x)- 2 eJxcosO do

where: Jo(x) is the bessel function of the zero order S-

Letting x OP (sine - o i ) and a-O

Aff(r =-PYoEoscOSaie-Jr/ 'Jo '[(sine- sinei) dp (2-23)

From (Stutzman and Thiele, 1981:566)

xJ(x) xJo(x)dx--

where: Jl(x) is the bessel function of the first order.

Letting x -6p(sin 6 sinei) then dx #(sine - sin0i)dp-
therefore

Aff(r - MoL .co-,Ie-Jr #
70rO(sin9 - sinail 2fxJl(x)dx (2-24) .

0
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Finally .*.

iff (Yr) 4.2AAoEoscoseie-JO~r J1 Mo sin 0 - sin6i (2-25)

where: A =area of disc ~ l il

1S(' = -j~ff (r) disregarding the

radial component

where: ES1(0,0=O) is the complex E-field
scattering off one disc.

Simplifying and combining all terms yields

~si~eO) = ~E~~Pe~rcosei (2A J(x))2-)

g ( ~ where: x. OP(sine - sinej)

How is this modified for two movable discs on the reflector

f or * 0 i. e. (the H-plane cut), see Figure 14 next page?
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DISC I

disc 1

TRANSMITTER ,

.,* -..-

Figure 14. H-plane Cut of Antenna System --

Since the discs are movable, the phase or path length difference ;-

between Xi(discl) will be different from i(disc2) when -

tI  t2. Expanding the picture on disc 1 to develop the...i''"

path length difference (phase) associated with changing tI, -,"

"' will lead to the phase term to add onto Eq (2-26) to account

27'
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V for changing phase due to changes in both t1 and t2.

From Figure 15 (neglecting double diffractions, moding, and edge

effects),.Kib travels approximately ticoseji + t1cos(ej1 + 8 )

-farther than lia-

\.<tic 0S (oil+ 0)

ib

Figure 15. Phase Difference Due to Movable Disc

Using array theory to look at the phase differences between

Zia andf!ib and after a multitude of algebra steps, the

28
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phase difference can be expressed as (Rudduck, 1985a)

Iet1i cosoij + cos(eil + 0 .. .

But since there are two discs the phase term must reflect this

Ieit (coso i1 + Cos(8ii - e .
e2 2 )J

where: subscript 1 represents disc 1 and
subscript 2 represents disc 2

After further algebraic manipulation the phase term associated
with Eq (2-26) for both discs in the H-plane becomes

2j sin 1(coseii + cos(6i1 + 0 I1[coseil + cos(Oij + )

- .+ sin 2(COsei2 + COS(6i2 6 ) e12[cosoi2 + COS(6i2 0 )12 i

eJOWCOS 0- -.

where; ei0wcosO is added to reference the phase term back
to the system coordinate phase reference (see Figure 10)
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Finally since the area of disc 1 equals the area of disc 2

and 1 ei4 j01e2j so that 01 is considered always (+),

the final expression for scattering off the discs is:

ES12(0,0=0) =_Eps,6eijreJ~wcOo9j9)A (2-27.1

2J [Po(sin 0 + sinei)I
2J 00(sino + sin~i)

(inkOtl(cosoi + cosej, + 6 )j +i1co58i + cos(ei +- 0 J

+ 2J1 jp (sin e - sin~j_)l

(in 6t 2(cosei + cos(ei -8 ))ei2Ico56i +cos(ei -e I)

see Appendix A for actual values for

Oil, 012, w, A, E05, r, x, P0
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Physical Optics: &r F lg =ny.

A good approximation to feed blockage effects is to subtract

the radiation pattern of the parasitic reflector from the

radiation pattern of the parabolic reflector. Depending on the

angle, the feed will block a portion of the radiation causing a

"shadow" on the reflector surface. The feed can be modeled as a

disc with an area equal to that of the circular parasitic

reflector (see Figure 3). Then for the E-field scattered off

one disc, Eq (2-26) can be used with 0i equal to 0.

!FB(e,0=0) = PjEnfhBe-jOrejOqcos )(2J (#rsine)\ (2-28)
2irr Orosi /

where: ro  = radius of parasitic reflector

B area of parasitic reflector

Eofb the initial E-field amplitude
received by parasitic reflector

eJqcosO= is added to reference the phase back to
the system coordinate phase reference
(see Figure 10)

see Appendix A for actual values for

Eofb, r0 , B, r

31
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,a v III. Analysis and Results"

Computer ms

Three Fortran-77 programs (see Appendix C) are used to

produce relative power patterns (Program PHASENUL), and field

intensity amplitudes and phase plots for the discs alone

(Program PHASCANL), and the dish alone (Program PHASEQ).

Program PHASENUL calculates IETOT(O )I2 which is

proportional to the relative power pattern of the antenna system ' 4-
(see Figures 16-27).

I1TOTO 0=O)1 2  IZD(0,4=O) + !S12(0,0=0) -EFB(e,0 =O)I 2

where: ED(0,0=0) = Eq (2-12)

ES12(0,0=0) = Eq (2-27)

EFB(*.'-O) = Eq (2-28)

Program PHASCANL calculates the amplitude and phase of the

field intensity of the discs alone which is proportional to -

(ea=0tn (see Figures 30,31).
)cance 1la~ln,..'.

l1c(8,0=0)I = l!S12(8,0=0)1 (3-1)

Program PHASEQ calculates the amplitude and phase of the

field intensity of the dish alone which is proportional to

I-(6,e=)I (see Figures 28,29).
(%)quiescenR-

.iQ(,0=o)l ID(0,0=o) - -FB(e,0=0) (3-2)
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Results

When IMC(e,0=O)j is multiplied by its phase and

IZQ(e,0=O) is multiplied by its phase, and the two terms

added together, IETOT(0,=0) results. lETOT(e,=0)1 2 is
obtained by squaring the real part, adding the square of the

imaginary part, normalizing, and plotting in dB. By breaking --

IETOT(O,.0=0) 2 into JIC(e,=o)j and IZQ(0,0-0)I the

phase cancelling in the side lobes of the quiescent H-plane

pattern of the dish by the discs is more apparent. This will be

discussed in the conclusion section.

The results of the computer programs and actual measured

power patterns follow. For comparison purposes, the measured
,.. ,f..-.%

power pattern is shown first followed by the theoretical pattern

for the same disc positions. The system quiescent power pattern

is generated with the two discs flush on the reflector surface.

Appendix D shows the actual disc positions that were used to

produce a measured pattern at a specific null angle (e).

The PHASENUL program uses the actual disc positions to produce .1:

the theoretical patterns. Following the power patterns are the

theoretical field intensity plots. There are no actual measured

plots for comparison. The amplitudes of the field intensity

plots are not normalized, to show that the cancellation effects

of the discs occur at the sidelobe level of the reflector.

33. .'
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SYSTEM
QUIESCENT POWER PATTERN

TWO FOOT PARABOUC REFLECTOR

0-

-20-

-30-

O-40.

-50-
,cz

-90 -70 -50 -30 -10 10 30 s0 70 90

FAR FIELD ANGIE (THETA) (Dog)

Figure 17. Theoretical Unmodified H-plane Power Pattern
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Figure 18. Measured H-plane Power Pattern, System Null
+ 350
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* Figure 19. Theoretical H-plane Power Pattern, System Null
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Figure 21. Theoretical H-plane Power Pattern, System Nulls
0 200, =200
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Figure 25. Theoretical H-plane Power Pattern, System Null
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Figure 28. Theoretical Amplitude of H-plane (Dish and Feed
Blockage Only): Quiescent Pattern
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FOR SYSTEM NULLS AT: -20 +20

90-
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Figure 29. Theoretical Phase of H-plane (Dish and Feed
Blockage Only): Quiescent Pattern

Note: When real part of field intensity negative or when
real and imaginary part of field intensity negative
add 1800 to phase angle due to properties of
arctan function used in graph above.
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FOR SYSTEM NULLS AT: -20 +20
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Figure 30. Theoretical Amplitude of H-plane (Discs Only)
Cancellation Pattern
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FOR SYSTEM NULLS AT: -20 +20

90,

80
70

50

1 40-
30
20i

10

0*
-10-
-20 -

rz -30

z -40

-50
rd-60

-70 ,.

- 80

-90 1.- . .

-90 -70 -50 -30 -10 10 30 50 70 90

FAR FIELD ANGLE (THETA) (Deg)

Figure 31. Theoretical Phase of H-plane (Discs Only)
Concellation Pattern

Note: When real part of field intensity negative or when
real and imaginary part of field intensity negative
add 1800 to phase angle due to properties of
arctan function used in graph above.
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IV. Conclusions

Comparisons o1 T0 2 Actual Patterns

The system quiescent power pattern Figure 17 compares

favorably with the actual pattern Figure 16. The theoretical

power pattern side lobe levels are down considerably from the

actual ones. This is a result of an idealistic model i.e. no

interference sources such as edge illumination or diffraction

are included. For all theoretical power patterns, the 3dB beam

widths, null placements, average far-out side lobes, and

spillover radiation regions agree quite well with actual.

However, the first side lobes are smeared into the main beam.

This occurs because the phase distribution across the aperture

is not constant and the model is not detailed enough for

diffraction and double reflection effects (Skolnik, 1962:261).

The goal of the model is successful; it duplicates system nulls

(within + 50 of actual), when the actual measured disc

position at a specific system null angle is used in the computer

program PHASENUL. Cancellation up to 25dB, along with minimum

main beam degradation and minumum distortion of the overall far

field pattern, is evident in the theoretical patterns matching

the actual patterns. Especially successful is Figure 21. This

theoretical pattern shows the symmetric nulling effects of the

actual pattern Figure 20 and predicts the system nulls exactly!

Acccording to Jacavanco, this was the first time he had seen

symmetric nulls for a movable disc system (Jacavanco, 1985c).
*" '-I"

For all theoretical patterns the intensity or relative depth of
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2: '. a null in dB (unmodified minus modified), cannot readily be

compared to actual. Again this is a result of an idealistic

side lobe level in the theoretical patterns.

A requirement of any nulling technique is that no main beam

corruption occur such as in Figure 26. From actual

measurements, main beam degradation does not occur for this

system until the system null angle exceeds approximately 500 .

Looking at Figure 26 this is evident. The system is set up to

produce a system null at -600 but disc placement is such that

they overshadow the feed arm significantly and edge illumination

effects completely destroy the integrity of the pattern. The

matching theoretical pattern Figure 27, while not showing

pattern distortion, produces no nulls and a very unreasonable

overall pattern for a parabolic dish. In larger movable disc

systems that use a larger ratio of focal length to diameter

(aspect ratio) and a horn feed, main beam distortion effects are

less prevalent for system null angles beyond 500."-,

As mentioned before, cancellation effects are more apparent

by using the field intensity graphs. From Eq (2-2), the example

on the next page shows how to compute a power point from the

field intensity graphs, for a system null angle of (0) -200

from Figure 21.
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(1) Eq (2-2): V/,J~e +,.PJD0

F r m s d ( ? ) V P Q IZ ( e .O= ) 1 - s e e F i g u r e 2 8
lobe level at 8= -200

of dish (pRj 9 9x10-6

(3)v(PjD IZc(e,0=0)I 1 see Figure 30
From discs at~ 0 200

(4) 01 phase of PRJQ ->see Figure 29

01=2180

(5) 02 =phase Of PRJD ->see Figure 31

02 920

(6) Substituting into Eq (2-2):

1x io-6)ei218  + (2 x 10-5 )eiJ9 2  7.9 x 10-6 -j1.6 x 1-

a b

(7) a2 + b2  power, then normalizing using the maximum
value at 0= 0 yields: --

5.6 x 10-5 watts

(8) Converting this to dB yields: -42.5dB

Looking at Figure 20 for the actual system null at 6 -200,

-42.5dB compares very well with a measure-d value of -40dB.

Ideally the discs can be positioned so Vr~j =,Fj and 01

is 1800 out of phase with 02. However, in practice this

would represent "perfect" cancellation which is impossible due

to secondary effects, In addition, null depths beyond 40dB

* descended into the noise level of our pattern recorder.
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Problems caused by a dipole feed are well known and are

solved by using a horn feed. For this system the parasitic

ref lector helps to phase the rearward energy from the dipole and

direct it onto the reflector. The resulting aperture

distribution was not uniform without the movable discs on the

ref lector inner surface. The degree to which the non-uniform

S aperture distribution affected the phase-nulling of the discs

was not investigated. The focal distance was varied, but had

negligible effects on cancellation. Only the relative disc

R.. positions changed for a relative system null angle, for varied

focal lengths.

A second shortcoming of the dipole feed is that some of the

reflected energy is perpendicular to that of the primary

radiation. The cross-polarized radiation causes the antenna

gain to be reduced and side lobes with polarization orthogonal

S to the primary polarization are generated. This energy is

wasted because the antenna might not be designed to respond to a

different polarization.

Both effects can be minimized by a shallow reflector, one

with a large ratio of focal length to diameter. The maximum

theoretical aperture efficiency obtainable from a

dipole-parasitic reflector feed is 69% (Skolnik, 1970:10-6).

Theoretical aperture efficiencies obtainable for horn fed

paraboloids are approximately 80% (Skolnik, 1962:273).
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Effects Not Model-

The repeatability of the measured patterns for the same disc

positions proved to be a problem. It is not uncommon to produce

a pattern at a specific null angle, then find the final disc

positions to be off by as much as 0.5 cm from one pattern to the

next. As another way to look at this, if one took the disc

positions recorded in appendix D, set the discs according to the

data, ran the patterns, the system nulls would come out slightly

different each time (approximately ± 2-). This is due to a

multitude of effects, the predominate one being the "quiet-zone"

around the pedestal is not constant. Since the antenna system

is mounted on top of the EM Technology Division's building at

Hanscom AFB, the diffraction and reflection effects of the

nearby equipment are constantly changing, as new and different

equipment is set up. To get accurate patterns this system would

have to be set up on a calibrated antenna range.

The thrust of this study was to investigate in a more

simplified manner the phase nulling caused by the dizcs in the

side lobes of the power pattern of the reflector. To more

accurately model this phenomenom the diffraction pattern of the

discs should be included in a geometrical theory of diffraction

approach to overcome the simplified ray tracing approach used

here. Other factors that should be more accurately modeled W-.

are: aperture blockage, errors in the paraboloid surface, and

finally a horn fed antenna for uniform aperture illumination. "•-:
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- .Summary &11 Recommendations

One of the basic problems with a movable disc system is the

amount of time the computer takes to move the discs to their

final position to minimize the total power of the received

signal. Once the discs reach this final position a system null

has been placed in the direction of the interf erring source. It

was not uncommon in the first systems to see 15 to 20 minutes go

by, before disc optimum positons were established. Since then

times of 5 minutes have been established by efficient computer

programming techniques. It was hoped at the outset of the

research that the physical optics approach might help alleviate

this problem. It became apparent that the "speed" problem is

beyond the scope of the thesis presented here. What the

"research does is provide a solid foundation upon which to build

a geometrical theory of diffraction approach. With an accurate

model in hand optimum disc position could be predicted rapidly.

The research here did not address disc position or numbers of

discs (more than two) on the reflector surface. This problem

has already received a large amount of research time at the EM

Technology Division at Hanscom AFB. Actual disc placement,

size, and numbers of discs are more system specific. Developing

unified guidelines for a generalized paraboloid would be

difficult.

This study accomplished what it set out to do, investigating

the phase nulling effects of the discs on the side lobe region

of the far field radiation pattern. The next step would be to
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generate field intensity amplitude and phase plots for a

multitude of disc positions at one system null angle. The plots

could be analyzed to find the optimum disc positions for equal

amplitudes and opposite phases, then the power pattern

generated, and compared to a measured power pattern using that

optimum disc position. If the comparison was successful, then

all optimum disc positions with their respective system null

angles could be cataloged using this analysis. This would

require quite a bit of time but would be valuable iii addressing

the "speed" problem of positioning the discs.

One might wonder how this system would be used ouside of the

laboratory. An urban communication system which relies on

reflectors exclusively would profit by using single fixed nulls

to reduce specular reflections from large buildings. NASA which

has plans for direct broadcast satellites could use this

technique for receiving antennas on user's roofs to null out

interference (Jacavanco, 1984a:2). In actual field tests at the

EM Technology Division, Jacavanco has suppressed a high power

mobile S-band source while maintaining a continuous link with a

desired low power signal, fixed in position. Actually, the

ultimate application will hopefully come in space to overcome

* the problems of the Electrostatic Membrane Reflector (page 1).

While this model is only a first order approximation it

appears to accurately represent the two disc system. The linear

array approach to model the reflector was used by Jacavanco

(Jacavanco, 1984a), but the physical optics scattering off the
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discs is unique. The model breaks down the ulling effect into
.. . ...

two parts. The power contribution from the reflector and feed

verses the power contribution from the discs. It is shown by V-

proper disc placement that the amplitude of scattering off the

discs can be made approximately equal to the amplitude in the

side lobe region of the reflector and their phases close to - .

1800 out of phase. A null in the far field power radiation

pattern at a specific system null angle results. The

mathematical model is implemented in Fortran 77-code. The

theoretical patterns are compared to experimental patterns with

a high degree of success.
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V. Appendix
_ _ _ _ _'- " -.

Appendix A. Variable Definitins And Values.

1. F = 3.12 Ghz: antenna system frequency

2. A = 9.62 cm: free space wavelength

3. 1 = A/

4. 0 r,

5. r 5334 cm: 175 ft -- > distance to transmitter from ---
system phase reference.
(the observation point)

6. q 49.4 cm: see Appendix B

7. w = 36.9 cm: see Appendix B

8. 0 = 260; see Appendix B

9. ro = 2.54 cm: radius of parasitic reflector

10. B 20.3 cm2 : area of parasitic reflector

11. Po = 6.35 cm: radius of movable disc

12. A 126.7 cm2: area of movable disc

13. f = 17.3 cm: antenna focal length (measured from dish
vertex to parasitic reflector)

14. tI = distance of disc 1 from reflector face
(flush = .3175 cm)

15. t2 - distance of disc 2 from reflector face
(flush = .3175 cm)

16. Radius of Dish 32 cm

17. Aperture Plane Area = 3217 cm2

18. Eo: normalized to 1.0

19. Eos: normalized to 0.0394 (figured as the ratio of the
area of a disc to the area of dish aperture)

20. Eofb; normalized to 0.0063 (figured as the ratio of the
-.area of parasitic reflector to dish aperture area)
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Appendix . Computer Frora Fortran-77 Source ode

Program PHASENUL (Page 62) calculates in one degree increments

l!TOT(0, =0)I2 for -9' < 6< 190 °. All programs were

compiled and executed using IBM PC-DOS 2.1 on a Corona Home

Computer. PHASENUL will execute upon typing the file name

PHASENUL at the system prompt. The data file CURRDIST.DAT must

reside on the same floppy disc as PHASENUL.EXE. CURRDIST.DAT

contains the array of normalized amplitudes of the isotropic

radiators which sample the aperture plane at quarter

wavelengths. The program asks for Eo , Eos, Eofb, t1 ,

t2, (see Appendix A) on screen as input from the keyboard in l

single precision accurracy. PHASENUL outputs a power point per

degree 0 in a file called EPWRPT.DAT. The system quiescent

power pattern is generated by assigning:

Eo = 1.0, Eos = 0.0394, Eofb = 0.0063, tI - 0.3175, ..

t2 = 0.3175. All other power patterns are generated by '

leaving Eo , Eos, Eofb fixed at 1.0, 0.0394, 0.0063

respectively and assigning tI and t2 from Appendix D. The '..

bessel function in all programs is approximated by its series

expansion to the third term.

Program PHASCANL (page 68) calculates in one degree increments

IJC(0,0=0) for -90 0 < < +900.

PHASCANL will execute upon typing the filename PHASCANL at the

system prompt. The program asks for Eos, t1, t2 (see

60
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rr

Appendix A) on screen as input from the keyboard in single

precision accurracy. PHASCANL outputs a phase point and

amplitude point per degree 0 in files called PHASEC.DAT and

AMPL.DAT respectively. The plots were generated by leaving

Eos - 0.0394 and assigning t1 and t2 from Appendix D.

Program PHASEQ (page 71) calculates in one degree

increments IEQ(O,o=0)I for -900 < e +900. PHASEQ will

execute upon typing the filename PHASEQ at the system prompt. . .

The program asks for Eo , Eos, Eofb, t1, t2 (see

Appendix A) on screen as input from the keyboard in single

precision accuracy. PHASEQ outputs a phase point and amplitude

point per degree 0 in files called PHASEQ.DAT and AMPL.DAT

respectively. The plots were generated by leaving EO  1.0,

Eos = 0, Eofb =0.0063, tI = 0.3175, and t2 = 0.3175. ..

This generates the quiescent plots without discs. .--

All graphs were generated by using Lotus 123 (Lotus

Development Corporation, Cambridge, Massachusetts)

..
..- .....
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'S PROGRAM PHASENUL

'K .- ***Input variables (real):
* 22

* F:%
* BETAX:
* BETAY:

* EETAZ-
* THETA:
* R:

4 IXY: .g

*Output variables:
* EXY:

INTEGER ABD,C,D,E,FDEG(l8),HETlDE,,M

REAL 0, L, KLAMBDA, FREO,BEETAX, BETAZ, THETA, R, EW,SINTH, COSP-LTHI
REAL IXY(29,29),PX,EESSEL, X1,COSTH,COSMXTHI,BESARG1,SNTHT
REAL DESARG2, TIARG, T2ARG. SINYlARG, SINT2ARG, ESCONST, COOTHI

* ~~~~REAL THETRI, AREA, RO,TI, Tc,W, E'1,RO, U, ENORM, EPWRP T . ,

REAL BESFNTl, BESFNT2, BESFNCT, AMAG ( lS),AMAGATO

COMPLEX EXV (29,29), COLTOTAL, ROWTOTAL, EFIELD(2-9) , ,S1
COMPLEX ENDTH(181),EBETAZ, JCMPLX, MJCMPLX, EFBT4( 181) ,ETOTAL
COMPLEX ES12TH( 181), EJKW, EJKR, EJKTI, EJKT2, EFDNST, EXJKOCOS

*Open input and output files

OPEN (2, F LE-'CURRDIST. DAT', STATUS-' UNKNOWN')
OPEN (3,FILE='END.DAT',STATUS='UNKNOWN')
OPEN (9, FILE=' ES12TH. DAT', STATUS=' UNKNOWN')
OPEN (10, FILE= EFBTH. DAT', STATUS=' UNKNOWN' )
OPEN (11, FlLE=' AMAG. DAT', STATUS=' UNKNOWN')

Inlitialize at-rays

DO 50 J=1,29e
*EXY (I, J) =(0. 0,0. 0)

IXV (1 J~ ) =0. 4
50 CONTINUE
55 CONTINUE _
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DO 60 1- , 29
COLTOTAL (0.,00

* ROWTOTAL (0.10,@.0)
so CONTINUE l ,J

*Read current amplitude distribution factors

DO 100 1-1, 29
READ (2,*,END-1000) (IXY(I,J), J-1, 29)

WRITE(*,*) IXYCI, J), 3=1,29) I
*Initialize constant parameters

0=49. z4L

L-2. 41
LAMBDA=9. 62
P1=3. 1415926
X=R*P I/LAME4DA
JCMPLX=CM'PLX (0.0, 1.0)
MJCMPLY=CMPLX (0.01-1.0)
R=5334. 0

*Input initial E-field amplitude di~trihutxi, EO

WRITE(*,*) .. 4*

WR ITE (*, I(A)') ENTER VALUE FOR E01
WRITE(*,*4)
READ 4, EO
WRITE (*, 120) EO

120 FORMAT (9'@1iIEO 'F6. 4)

*Compute exponential factors for all rowce and theta%

DO 500 1-1, I
THETADEG-I-91

*WRITE(*,112) THETADEG

*11e FORMAT(' q,' THETA - ',14, 1DEGREES')
THETA= (1-91)*PI/180
BETAX--K*SIN (THETA)

* BETPZ=-K*COS (THETA)
EPETAZ=CEXP (CMPLX (0.0, -PETAZaD))___

D 300 A- 1, 9
DO 200 B=1,29 .- ,'

M-15-D
EXY (A,B) CEXP (CMPLX (0.0, -PETAX*tMaL))
COLTOTAL-COLTOTAL+IXY (A, B)*EXY(A,B)

200 CONTINUE
ROWTOTAL= ROWTOTAL4COLTOTAL
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COLTOTAL- (0. 0, 0. e)
* I300 CONTINUE

S-CEXP (CMPLX (0.0, -K*R))
* - SI-JCMPLX*E@*K*S/ (2*PI.R)

ENDTH (2) =51 EBETAZ*ROWTOTAL ___

WRITE(3,*) THETADEG, ENDTH(I

ROWTOTAL= (0.0,0.0)
500 CONTINUE
iPZ FORMAT (I I,' FOR THETA =',Z4,1 E-FIELD = ,2FI27.5)

*DO 125, 1-1, 181
* ~READ(3,*9,END=125) DEGCI) ,EFIELD( I)
* WRITE(*,*) DEG(I), EFIELOCI)

125 CONTINUE

* E-FZELD OF DISKS 1 AND 2 .,

IF Input initial E-field amplitude distribution, EOS

510 WRITE(*,*)
WRITEC*,'(A)')' ENTER VALUE FOR EOS'
WRITE (*,*5)
READ *, EOS
WRITE (5,520) EOS

520 FORMAT('0','E@S - ',F12.9)

*Input phase distance, T1

530 WRITE(*,*)
WRITE(*,T(A)')9 ENTER VALUE FOR TI'
WRITE(*,*5)
REPO *, TI ...
WRITE (*,540) TI

540 FORMATC'0','TI - ',F6.4)

*Input phase distance, T2

550 WRITE(*,*) I
WRITE(*,'(A)')' ENTER VALUE FOR T21
WRITE(*,*)
READ *, Te
WRITE Cs,560) T2 --.

560 FORMAT (I'el''IT2 ='F6. 4) .

580 RD-6.35
W-36. 9
THETAI=26*PI/1SO
COSTHI-COS (THETRI)
SINTHI=SIN(THETAI)
AREA-12..?
EJKR=CEXP(CMPLX 0.0, -K*R))
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ESCONST-(E@S*K)/I(PI*R)

DO 600 1-1, 10 p.

THETADEG=I-91
THETA=THETADEG*PI /180
COSTH=COS(THETA)
SINTH-SINCTHETA)
COSPLTIICOS (THETA! +THETA) -

COSMITHI-COS (THETAX-THETA)
BESAR61-K*RO* (SINTH+SINTHI) .%

BESARG2-K*RDa (SINTH-SINTHI)
EJKW=CEXP CCMPLX (0.0, K*L*COSTH-))
TARG=(K*TI/E)*(COSTHI+CSPLTHI)

EJKT1'-CEXP(CrPLX(0.0,T2ARG))
SINTIARG-SIN(TIARG)

SINT2ARG=SIN (TEARG)

IF(THETADEG.ED. -26) THEN
PESFNTI = .5 -

ELSE
BESrNTI = PESSEL(PE9APG1)/PESARG!

END IF

IF (THETADEG .EO. 26) THEN
EIESFNT2 -. 5

ELSE
BESFNT2 - EPESSEL (BESARG2I /BESARG2

END IF

ES12THCI) --(ESCONST*EJKR*EJKW*COSTHI*AREA* ((2*DESFNTI
+ *SINTIARG*EIKTI), (2*E4ESFNT2 4

+ *SXNTZARG*EJKT2)))

WRITE(%a*) THETADEG, ES12TH(U)
I' WRITE(*,601) THETADEG, ESI2-TH(I)

*601 FORMAT(' ','THETA 1 ,14,1 E-FIELD OF DISKS 192 = ,2FI@.B)

600 CONTINUE

* E-FIELD OF FEEDZ

*Input initial E-field amplitude distributiorn, E@FB

650 WRITE(*,*)
WRITE(*,'(A)1)' ENTER VALUE FOR EOS'
WRITE(*,*)
READ *, EOFP
WRITE (*,660) E0FE4

660 F0RMAT('0','E@FB - ',Fa.6)

68e B1=20.3
R0I=. 54
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DO 700 1-1, 181
THETADES-1I-91
THE'fA=THETADEG*PI /186
SJNTH-SIN (THETA)
COSTH-COS (THETA)
EFBCONST-CMPLX (6.69(E0FB4IK / (24P14R1Ip EXJKOCOS=CEXP (CMPLX (6.S0 K*OeCOSTH))

U-4@*IT

IF (THETADEG .EQ. 6) THEN
BESFNCT - .5 C

ELSE
I'ESFNCT - FESSEL(U)/J

END IF

EFEBTH (l)-EFBCONST*EJKR4EXJKOCOS.D1*24 (EESFNCT)
701 WRITE(10,*) THETADEG, EFBTH(X)

4 WRITE(*,701) THEITADEG, EFSTH(I)
*702 FORMAT(' 9,'TI4ETA - 1,14,1 E-FIELD OF FEED 1 ,2F10.8)

760 CONTINUE

OPEN (13, FILE' ETOTAL. DAT' ,STATUS= UNIQ.JOWN')

4TOTAL E-FIELDS

780 DO 660 1=1, 181
THETADEG-1-91 A
ETOTAL-ENDTH (I)-ES 12TH (I) -EFDTH (I)

WRITE(13,*) THETADEG, ETOTAL
4 WRITE(*,781) THETADEG, ETOTAL

4781 FORMAT(' ','THETA -',14,1 E-FIELD TOTAL 1,2F12.8)

AMAG U) -REAL(ETOTAL) 42+AIMRIG (ETOTAL) **2 .

IF (THETADEG .EQ. 6) THEN
AMAGATOAMAG (I)

END IF

WRITECII,.) THETADEG, AMAG(I
4 WRITE(*,B61) THETADEG, AMAG(I) -

*set FORMAT(' ','THETA - 1,14,' MAGNITUDE OF E-FIELD ',F12.5)

806e CONTINUE
CLOSE (13)

OPEN (12, VILE-' EPWRPT. DAT', TATUS=' UNV.NOWN')

DO 900 1-1, 181
THETADEG=1 -91
ENORM-AMAG (I) /AMAGATO
EPWRPT=1@'ALOGIO (ENORM)

p%
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WRIYE(12,*) THETADES, EPWRPT
* WRITE C*,901) THETADEG, EPWRPT

*901 FORMWAT(' ','THETA - 1,14,9 POWER PTS OF E-FIELO 9 ,FIMt.8
900 CONT I.IUE -

1000S END

* ESSEL FUNCTION ROUTINE

REAL FUNCTION PESSELMX)
REAL X1,BES1 .I, VESSEL-BES 1

* RETURN

END
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PROGRAM PHASCANL

INTEGER A B, C, D,E, F,DEG(1B1),THETADEG 
1

* REAL K, LAMBDA, THETA, R, ES, SINTH, COSPLTIIh
* .REAL PI,BESSEL, X1,COST#,COSMITHI,BESARGI,SINTHIIl

REAL BESARG2, T1ARG, T2ARG, SINTIARG, SINT2ARG, ESCONST, COSTII

REAL THETA!, AREA, RO, Ti,T2, W, R0,PHASE

REAL BESFNT1, EESFNT2, BESFNCT, AfPL(18I), PHASEC( 181)

COMPLEX ETOTAL
COMPLEX ES12TH(1B1J ,EJKW, EJKR, EJKTI, EJKT2

*Open in~put and output files

OPEN (9, FILE-' ES 12TH. DAT' ,STATUS-' UNIKNOWN')

* E-FIELD OF DISKS I AND 2

*Input initial E-field amplitude distribution, EOSt

516 WRITE(*,*)
WRITE(*,'(A)')' ENTL R VALUE FOR E0S'

WRITE(*,*)~

READ *, EOS .

WRITE (*,520) ES

L 520 FORMAT0@','E@S - ',F12.9)

*Input phase distance, TI

530 WRITE(*,*)
WRITE(*,'(A)')' ENTER VALUE FOR T1'

AV WRITE (*, 5)

READ *, 71
WRITE (*,540) T1

* 540 FORPIRT('09,'Tl - ',FS.4)

*Input phase distance, T2 '-

550 WRITE(*,*) -

WRITE(*q'(A)')' ENTER VALUE FOR TZII WRITE(*,*5)
READ *, Te

WRITE (*,560) T2
560 FORMAT4'8','TE - 1,F6.4)

580 R0-6.35
W-36. 9
P1-3. 1413926

THETAI'26#*PI/1BO
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COSTHI-COS (THETAI)
SINT&41-SIN(THETAI)
AREA-126. 7
LAM'BDA9.62
R-=5334.0 S%.
K-2*PI/LAMSDA
EJKR-CEXP(CMPLX (0.0, -K*R))
ESCONST- (E@S*K) /(PI*R)
AMAGATO-. 00005&6

ESCONST-(EOS*K) /(PI*R)

DO 600 1-1, 181
THETADES-1 -91
THETA-TI4ETADEG*PI/ 180
COSTI4-COS (THETA)
SINTH-SIN (THETA)
COSPLTHI-COS (THETAI +THETA)
COSMITIICOS (TH-ETAI-THE7A)
BESARGI-K*RO* (SINTH+SINTHI)
BESARO2-K*RO4 (SlNTH-SlNT-4)
EJKW-CEXP (CI4PLX (0.0, K*W*COSTH))I TIAR6G (K*T1/2)* (COSTHI4COSPLTHI)
T2ARG- CH*T2/2) 4'(COSTHI4-COFMITHI)
EJKT1=CEXP (CMPLX (0.0, TIARG))
EJKT2-CEXP(C4PLX (0.0, T2ARS))
SINTlPRG-SIN(TlARS)
SINT2ARG=SIN (T2ARG)

IF(THETADES.EQ. -26) THEN

BESFNTI - .5
ELSE

BESFNT1 - BESSEL(BESAR61)/EPESARBI
END IF

IF (THETADEG .EO. 26) THEN

ELEBESFNT2 = .5

BESFNT2 - DESSEL(BESARG)/BESAR32
END I F

ES12TH( I) -(ESCONST*EJKR*EJKW*COSTHI*ARER4 ( (2*DSFNTI
+ *SINTIARG*EJKTI ).(2*PESFNTe
+ *SINT2RRG*EJKTZ)))

WRITE(9,e) THETADEG, ES12TH(I)p * WRITE(*.601) THETADES, ES12TH(I)
*601 FORMAT(1 ','ITHETA - I',14, 1 E-F IELD OF DISKS 1&.!- ',E'Fie.a)

s00 CONTINUE

OPEN (13,FILE-' AMPL. DAT' ,STATUS=' UNKNOWN')
OPEN (14, FILE-' PHASEC. DAT' ,STATUS=' UNKNOWN')
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*TOTAL E-FIELDS

f6O DO 780 1-1, 181I
THETADEG-19
ETOTAL=ES12TH CI)
PH-ASEATAN (AIMAG (ETOTAL) /REAL (ETOTAL))
PHASEC (I)-(PHASE*36@)/I(2*PI)
WRITE(14,*) TH-ETADEG, PIAPSEC(I)

700 CONTINUE .,

780 DO 800 1-1, 181
THETADEG-Z-91
ETOTAL-ES12TH CI)
RMPL(l)-(REAL(ETOTAL)**+AIMG(ETOTAL)*E)*.5
WRITE(13,*) THETADEG, AMPL(I)

BOO CONTINUE

1000 END

*BESSEL FUNCTION ROUTINE

REAL FUNCTION BESSELMX)
REAL X1,BESI

BESSEL-BES 1

'4

RETURN
END

70.
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PROGRAM PHASED

INTEGER A,B,C,D,E,F,DEGC181),THETADEG,M

REAL 0, L, K,LAME'DA,EREO, BETAX, PETAZ, THETA, A, ES,SINTH, COSPLTHI
REAL IXY(29,29),PI,ESSEL,X,CSTH,COSMITHI,ESARG1,SINTHI
REAL BESARG2, TlARG, T2ARG, SINTIARG, SINTaARG, ESCONST, COSIHI%
REAL THETAI,AREA,RO,TI,T2,W,E'),RO,U,PHASEO(IB1)
REAL BESFNT1,BEESFNTe, DESFNCT, AMPL (181),*PHASE

COMPLEX EXY(29,29),COLTOTAL, ROWTOTAL,EFIELD(?93),S,SI
COMPLEX ENDTH(1BI ), EEETAZ, JCMPLX, MJCMPLX, EFBTH ( 1RI),*ETOTAL
COMPLEX ES12TH(I81),EJKW,E3KR,EJKTI,EJKT2,EFPCONST,EXF',PCO03

aOpen input an~d output files

OPEN (2, FILE=' CURRDIST. DAT',STATUIS='UNK.NOWN')
OPEN (3, FILE' END. DAT', STATUS=' UNKNOWN')

* OPEN (9, FILE=' ES12TH-. DAT' ,STATUS=' UNKNOWN')
OPEN (10, FILE=' EFBTH. DAT', STPTUS=' UNKNOWN')

Initialize arrays

DO 55 1=1,29
DO 50 3=1,29

EXY (1, J) (0. 0, it.0)
IXV (I,3J) 0. 0

55 CONTINUEI
DO 60 1=1,29

COLTOTAL= (0.0,0.0)
ROWTOTAL= (0.0,0.0'

so CONTINUE

*Read current amnpl itude distr b it-.cr- factors'.

DO 100 1=1, 29
READ (E,,N=15)(X',(I,J), 3-), P29)
WRITE(*,*a) (IXY(1,J),J=1q29)

lee CONTINUE

CLOSE (2)
.7

*Initialize constant parameters

* 0-49.4

L=2.41
LAMPDA-9. SE

K-2*PI /LAMPOA
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JCMPLX-CMPLX (0. 0,1. 0
MJCMPLX-CMPLX (0.0,-J. 0)
R-5334. 0

41Input in~itial E-field amplitude distribution, E0 . .

WRITE(*1,*4)
WRITE(41,%(A)')' ENTER VALUE FOR E01
WRITE(*, *)
READ *1, E0
WR ITE (*,120) Eft

120 FORMAT('0','EO = 1,F6.4)

4Compute exponential factors for all rows and theta

DO 500 1-1, 181
TI4ETADEG=1I-91

*WRITE(*, 112) THETADEG
4112 -FORMAT( I,' THETA ='14, DEG~REES')

THETA- (Z-91)*P180
BETAX=-K*SIN (THETA)
BETAZ=-K41COS (THETA)
EDETAZ=CEXP (CMPLX( Q.0, -DtETAZ*O))

DO 300 A=1,29
DO 200 B-21,29

M=15-P
EXY(A,D)-CEXP(C1PLX(0.0,-DETX*ta*L))
COLTOTAL=COLrOIAL+IXY(A, B)4EXV (q, )

200 CONTINUE
ROWTOTPL=ROWTOTAL+CDL TOTAL

1%, 300 COLTOTAL= (0.0Q, 0.0
30 ONIU

S=CEXP (CMPLX (0.0, -I*R))
SI=JCMPLX41F@*K*S/ (2*PI4R)
ENOTH (I) =SI41EIETAZaROWTGTPL
WRITE(3,41) THE'AO)EG, ENDTH(I)

ROWTOTAL. (0.0, 0. 0)
500 CONTINUE
122 FORMAT 0' 9,1 FOR THETA 1 ,14,' E-FIELD 1 ,2F-12.5)

41 DO 125, 1=1, 181
41 READ(3,-a,END=125) DEG(I) ,EFIELD(I)
* WPITE(*,*) OEG(I), EFIELD(I)

125 CONTINUE

41 E-FIEL.tD OF DISKS 1 AND 2

4Input initial E-field amplitude distribution, El0q

72



7: 7- 7: 7

510 WRITE(44
WRITE(*,'(A)')' ENTER VALUE FOR E@S'
WRrTE(*, 4)

READ *, EOS
WRITE (*,520) EOS

520 FORMQT('0','EOS = ',F12.9)

*Input phase distan~ce, Ti

530 WRITE(*,*)
WRITE(*,' (A)')' ENTER VALUE FOR Ti'
WRITE (*,*)
READ *, TI
WRITE (*,540) Ti -

5408 FORMAT('0','T1 = ',F6.4)

*Input phase distance, T2

550 WRITE(*,*)
WRITE(*,' (A)')' ENTER VALUE FOR T.21
WRITE (*,*4)
READ *, T2
WRITE (4,560) T2

560 FORMAT0'1,'T2 = 1,F&.4)

5810 RO=6.35
W=36. 9
THETAI=26*PI /180
COSTHI=COS(THETAI)
SINTHI=SIN(THETPI)
AREA=126. 7
EJKR=CEX$E (CMrLX (0. 0, -I<aR))
ESCONST=(E0S.I{) /(Pl-R)

DO 600 Z-1, 181
TH-ETADEG=1I-'31
THETA=THETADEG*PI /180
COSTH=COB (THETP)
SINTH=SIN (THETA)
COSPLTHI=COS (TwE~nl4THElP)
CO'3MITHI=COS (THETA!- THETn)
i(ESARGl=K*RO* (SINTH+S!NT('I)
PESARGP=X*RO* (SINTH-9INTHI)
EJKW=CEXP(CMPLX (0i.0, WW.Co'TH))
TIARG= (H*T 1/214 (COSTHI*EO~rPLTH1I)
T2ARG=(H*TZ/2)* (COSlHI+E05(1 T":
EJFT1=CEXP(CMFPLXO0.0,.lRG))
EJKT2=CEXP(CMPLX (0.0, TZ'QG))
SINTIARG=SIN(T lARG)
SINT2ARG=SIN (T2ARG)

IF(THETA)EG.ED. -26) THEN
PESFNTI .5

ELSE
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ELE PEFNT2 = PESSEL(.ESARG2)/ESARG2

END IF

IF (THETADEG EO. T*EJKTHEK*OTIAEm(*EFT
E'ESFNT2 .5)(2*ESNT

DESFT2 =E'ESELESARG))/EEG

WRITEC3,*) THETADEG, ES12TH(I)
* WRITE(*,601) THETADEG, ES12THCI)

*601 FORMAT(' ','THETA = 1,14'. E-FIELD OF DISKS 1&2 ,F08

600 CONTINUE

4 E-FIELD OF FEED

4Input initial E-field amnplitude distribution, EQ'FB

650 WRITE(*,*)
WRITE(*,'(A)')v ENTER VJALUE FOR E0OFE"
WRITE (*,*)
READ *, E@FE'

WRITE (4,660) EOIFE
660 FDRMAT(10 , 'E@F-E1 = 1,F0.6)

680 P1=20.3
RO-2.54

DO 700 I'l, 181
THE TADEG= -'31
THETA=THETADEG4PI /180

SINTH=SIN (THETA) '
COSTH=COS(THETA)
EFE'CONST=CMPLX (0.0, (EOFE'#K)/ (24vPI*R))
EXJKQCOS=CEXP EMP1LX (0.0, KwG*IZDSTH))

U=K*RO*SINTH

IF (THETADEG .ED. V~) THEN
E'ESFNCT -. 5-

ELSE
PESFNCT = ESSEL(U)/I

END IF

EFE'TH(ZI)=EFE'CVOST*EJKIR*EXJ'COS.E'14 (PZCEFNCT)
701 WRITE(10,*) TH9:TPDE, EFITH(T)

4 WRITE(*,701) THETADEG, E-PTH(I)
*702 FORMAT0' ','THETA = ,14.1 E-FIELD) OF, rEri)

700 CONTINUE

% .
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OPEN (13, FILE-' AMPL. DAT' ,STATUS=' UNKNOWN')k
OPEN (14, FILE-' PHASED. DAT',STATUG3='UNKNOWN')

* TOTAL E-FIELDS

760 DO 750 1-1, 181
THETADEG=1I-'31
ETOTAL=ENDTH (I)-ESlaTH(I) -EFBTH( I)
PHASE=ATAN(AIMAG (ETOTAL) /REAL (ETOTAL))
PHASED (I)=(PHASE*360) /(E*PI)
WRITE(14,*) THETADEG, PH-ASEO(I)

750 CONTINUE '~

780 DO 800 1-1, 181
THETADEG=1-'31 w
ETOTAL=ENDTH( I) -ES laTH (I)-EFEH I)

AM~PL()(REAL(ETOTAL)*Ma+AIMPG(ETOTAL)**2'1**.5
WRITE(13,*) THETADEG, AMPL(I)

s0e CONTINUE ~
1000 END

*BESSEL FUNCTION ROUTINE

REAL FUNCTION EESSEL(X) '

P REAL XI,BES1

PESSEL=PES I

RETURN
END

75
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.• ; .. . Appendix D.Measured aa;-'-

Measured DnrLU

PATTERN Disc 1 Disc2

System Null at: t= 5.4 cm t2  4.6 cm

= +35 0  11
Figure ZQ, .

System Null at: tI  5.4 cm t2  5.2 cm

o = -20o, +200

Figure .., ij.-
System Null at: tI  4.9 cm t2 - 5.2 cm

" = -350

Figure 24, 251

System Null at: tI  Flush t2  6.3 cm
(.3175 cm)

9 = -450

Figure 2, -1..

System Null at: tI  7.6 cm t2 = Full Extension
(8.7 cm)

o = -60°

7 --I
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n,'", L:.s ':. " n " "'Ce -PAr W 7.1

By mounting small disc reflectors -hat are moveable relative

to the inner reflector surface of a parabolic dish antenna,

nulls can be generated ir. the side icbe region of the pc wer ell

radiation pattern with rinimal distort:ion effects to the main

beam.. A physical optics model cf this antenna system is

d -veloped to ;nvestigate cn a simplified direct manner the

phenomena of P.,ase nuijlira raused by disc movement.
Arra, t.er. using irc::occ rd:ois is used to sa;:ple t:.e

c: erture u.sLrcuut_:n tv avpruximate the far fielc ele:tr4C

ic-d oi the dish. A ph-ysical optics apprcxcnaticn fc:"-
scattering off a flat metal disc is used for discs and feed
blockage effects. The array theory term plus the feej -- ockage

term yields the fi\ld cntensiry quiescent patterns, phase and

amplituae, prcporti al to LQ.;es C c 64) . The physical
nn+,"o term for -h' discs yields the field intensity

cancellation patt rns, phase and amplitude, proportional to

I aec~lI#fon (I,! I. The quiescent patterns are combined --

with the cancellation patterns to produce the relativi power
pattern, nulled pattern, proportional tojIETltCtQ(G',4 •'
No secondary effects' such as diffraction or eage

illumination are considered.
A computer code was written to implement this

approach and the theoretical patterns produced. * .-

Actual measured patterns are comparec to the
theoretical patterns. There is good agreement

between theory and actual measurements. Finall,.

applications of this antenna system are presente:.
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